As_tro Data Lab

N@X[— Geﬂeratl()n Peter Melchior

Galaxy MOdGllﬂg ‘B PRINCETON

UNIVERSITY

CCAPP Fellow 2011-2015



What Are the Astrophysical Data Sciences?
And Do We Need Them?






- T() b()ldly lens where -
no DES has lensed before
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Result After Busy Week
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Result After 3 Months (April 20135)
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Result After 3 Months (April 20135)
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The Master Plan: @ @ @
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A Prevalent Problem

Group size
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Melchior et al. (2021)
Nature Physics Review, 3, 712
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We're Paying a Price

— Non-Blended., Photo-z
— Blended. Photo-2z
* Fiducial

From Nourbakhsh et al. (2022)



Hyperspectral Model of the Sky
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« Rendering/Forward Operators: A-S — P-A-S

Pixe] —»

original convolved pixellated noisy

» Probabilistic model: p(Y | A, S; P) « —%HY— P-A- SH%

Bridle et al. 2008
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Melchior et al. (2018)
A&C, 24, 129

code: http: ithub.com /pmelchior /scarlet

5-band HSC



http://github.com/pmelchior/scarlet

Melchior et al. (2018)
A&C, 24, 129

code: http: ithub.com / pmelchior/scarlet

5-band HSC



http://github.com/pmelchior/scarlet

Declination

The New Era

Right Ascension

Ground—based coverage of the 16 Kdeg? Euclid Wide Survey Region of Interest [origin/bands/overlap/calendar] [Mollweide Celestial]

B LSST Wide—Fast—Deep (Rubin), ugriz : 10.3 Kdeg? overlap by 2026 Euclid Region of Interest : 16.2 Kdeg?
V..l @ - Eesa

I UNIONS (CFHT/Pan—STARRS/Subaru), ugriz : 5.9 Kdeg? overlap by 2026 | | Euclid Deep Fields [53 deg?]

[ DES (Blanco), griz : 4.5 Kdeg? overlap since 2019

Background image: Euclid Consortium / Planck Collaboration / A. Mellinger



MUltlple Iﬂ SH‘U.HIGHIS Joseph, Melchior, Moolekamp (2021)

arXiv:2107.06984

. Independent observations: ZHYZ — AP,-A - SH%
l

* Requires matching of resolution, PSF, wavelength coverage

* Defines common spatial and spectral frame for joint model

HSC DR2, grizy



Sampson et al. (2024)
A&C, 49, 100875

t=0

: - .
Represents prior over galaxy morphologies p(S;)

Jointly optimize the posterior (Lanusse, PM, Moolekamp, 2019)

logp(Y | A, S; P) 2 log p(Sy)

Now: Denoisinngiffusion Model ﬁ
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Viog p(Y | A, S; P) + If;/l

Matt Sampson
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Sampson et al. (2024)
A&C, 49, 100875




Transient Models

« Static Source: enforce A;, =A;fort=1,2,... Charlotte Ward

“ Point Source plus Static Extended Source:

Model Rendered Observation Residual
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(a) ZTF19abzrhgq

Ward et al. (2025)
A&C, 51, 100930



Transient Models

« Static Source: enforce A;, =A;fort=1,2,...

+ Point Source plus Static Extended Source:
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Inhomogencous Dust Biases
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Dust Modeling

(Spectrum X Morphology) ©

Jared Siegel
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Dust Models for SDSS

ARP 220

ARP 316

Residuals

Residuals
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What Are Data Sciences?

How?

Observation

* Connection of theoretical questions and empirical answers
+ Techniques from statistics, machine /deep learning, Al

+ But also: information theory, linear algebra, optimization,
numerical simulation, dynamical systems, control, ...



Do We Need Them?

— Non-Blended. Photo-z
— Blended. Photo-z
* Fiducial




The Problem with Astro Data Sciences

* Research on data science methods not in the physical sciences:
requires LA, statistics, simulation, optimization, DL

* Interdisciplinary research (in academia) mostly a myth:
Which discipline is responsible? AST, MAE, MAT, CS, STATS

* We have integrated other disciplines before:
instrumentation, computational astrophysics
But it requires effort & collaborative environment

« Key driver now: Al Eﬁﬁ:";ﬁﬁl
Sk ek
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